The genus Tripterygion (Risso 1826) is restricted to the eastern Atlantic and the Mediterranean, and comprises only three species. T. melanuros and T. tripteronotus are essentially endemic to the Mediterranean, while Tripterygion delaisi occurs in the Atlantic and in the Mediterranean. Two subspecies of T. delaisi have been described (T. d. xanthosoma in the Mediterranean and T. d. delaisi in the Atlantic). Several scenarios have been proposed for the evolution of T. delaisi subspecies, but so far its subspeciation process is not clear. In this study we present a population survey of T. delaisi including specimens from the two recognized subspecies. We combined a phylogeographic approach with estimates of the direction of migration (between the Atlantic and the Mediterranean) and of the coalescence time of the two subspecies, using polymorphic mitochondrial and nuclear genes. The results of this study clearly support the existence of two Tripterygion delaisi clades, one in the eastern Atlantic islands and another in the Atlantic coasts of Europe and in the Mediterranean. Historical migration between the islands and Western Europe plus Mediterranean was restricted, and showed a westbound trend, with a higher number of migrants going from the Western Europe plus Mediterranean into the islands. We estimated the time of coalescence of both groups of T. delaisi to be more recent than the onset of Pleistocene glaciations (1.7 Mya). Our results are consistent with previous hypothesis that consider successive dispersal events of a Tripterygion ancestor from the western African coast colonizing the Atlantic islands and the Mediterranean, promoting the evolutionary divergence between these areas.
Introduction
Despite the fact that the Mediterranean and adjacent Atlantic have been considered the same biogeographical province (Briggs 1974) , several recent studies using molecular markers addressed levels of diVerentiation between these regions. Studies on diVerent marine organisms have shown contrasting results. Some species exhibit little gene Xow and strong genetic divergence between Atlantic and Mediterranean populations (Kotoulas et al. 1995; Borsa et al. 1997; Chikhi et al. 1997; Naciri et al. 1999; Aurelle et al. 2003; Bargelloni et al. 2003 Bargelloni et al. , 2005 , while others show very high levels of gene Xow (Bargelloni et al. 2003 (Bargelloni et al. , 2005 Costagliola et al. 2004; Duran et al. 2004; Zardoya et al. 2004 ). An emerging pattern is shown in cases of closely related species. In such cases one of two sister species is present in the Mediterranean and adjacent Atlantic while the other is found in tropical west Africa and Macaronesian islands (eg. Chromis chromis and C. limbata, Domingues et al. 2005 ; Parablennius sanguinolentus and P. parvicornis, Almada et al. 2005a) . Thus the study of the boundary between these regions may shed light on the role of biogeographic breaks in the formation and maintenance of speciation events.
Several scenarios have been proposed for the evolution and phylogeography of the ichthyofauna of the northeastern Atlantic and the Mediterranean. Based on small cryptic Wshes (blennioids), Zander (1980) described the Macaronesian islands as a center of speciation for the Atlantic blennioids from which the new species have colonized the western European shores. Almada et al. (2001) proposed the tropical coast of Africa and the Mediterranean as possible speciation centers of the northeastern Atlantic blenniids, serving also as refugia during the glacial periods.
TripleWn blennioids (family Tripterygiidae) comprise a number of small demersal Wsh living in rocky habitats. The genus Tripterygion (Risso 1826) is restricted to the eastern Atlantic and the Mediterranean (Zander 1986; Wirtz 1990 ). In recent years only three species of this genus have been recognized in the entire area. Tripterygion melanurus (Guichenot 1850), and T. tripteronotus (Risso 1810) are essentially endemic to the Mediterranean (but there are indications pointing to the existence of an Atlantic population on the coasts of northwest Morocco; Brownell 1978) . T. delaisi (Cadenat and Blache 1970 ) is distributed in two disjunct areas: a southern area comprising western tropical Africa north to Senegal and the Macaronesian islands, and a second area comprising the Mediterranean sea and adjacent northeastern Atlantic waters south to Casablanca and Morocco, and north to the British Isles. Indeed, although Zander (1986) mentioned the species as ranging from southern England to Senegal, there are no records of tripleWns between Casablanca and Senegal. Moreover a recent survey did not detect it in Western Sahara (Falcón et al. 2002) . The name T. xanthosoma (Zander and Heymer 1970) was recognized for the Mediterranean, but Wirtz (1980) placed T. xanthosoma in synonymy with the eastern Atlantic T. delaisi. In spite of this, Wirtz (1980) recognized that there were small diVerences among populations of diVerent locations that could be statistically detected if suYciently large samples were analyzed. Zander (1986) , based on the courtship behavior and color of the males, considered that the diVerences between the Mediterranean and Atlantic populations of T. delaisi were suYcient to ascribe them to two diVerent subspecies (T. d. xanthosoma in the Mediterranean and T. d. delaisi in the Atlantic). Thus, the three species are sympatric in the Mediterranean where they diVer in microhabitats preferences, both in terms of depths and level of illumination (Wirtz 1978) . T. delaisi lives at a depth of 3-40 m, T. tripteronotus between 0 and 6 m and T. melanurus between 0 and 18 m (Wirtz 1978) . T. delaisi prefers darker places while T. tripteronotus and T. melanurus occurs in small caves (Wirtz 1978) . Interestingly, the western African populations of T. delaisi from Senegal do not show these habitat restrictions occupying all depth levels and light zones that were described for the three species in the Mediterranean (Wirtz 1980) . All three species exhibit territorial breeding and male parental care of benthic eggs. Dispersal is restricted to their planktonic larval phase, which is very similar for the three species (17-18 days in the case of T. delaisi and T. tripteronotus, and 15-18 days for T. melanurus; Raventós and Macpherson 2001) .
The presence of a single species widely distributed in the eastern Atlantic, and in the Mediterranean and two other species ecologically very distinct in the Mediterranean, has raised the interest of many biologists to understand the biology and evolutionary history of the genus. DiVerent hypotheses have been proposed for the speciation of Tripterygion. Zander (1973) suggested that during the last glaciations Tripterygion evolved into two diVerent populations along the western African coast: a cold-resistant northern population and a southern population better adapted to warmer waters. After the glaciations, each of these populations might have migrated into the Mediterranean evolving there into two diVerent species: T. xanthosoma (now T. delaisi) and T. tripteronotus. Wirtz (1978 Wirtz ( , 1980 proposed several invasions of the Mediterranean by a primary west african Trypterygion. This author suggests that the Xuctuation of the sea level during the last glaciations caused the isolation of the Mediterranean from the Atlantic, promoting speciation within the Mediterranean. According to this model, the Mediterranean population of T. delaisi resulted from the last group of invaders. Jonge and Videler (1989) suggested that T. delaisi evolved into T. tripteronotus within the Mediterranean after the last glaciations, either sympatrically or in allopatry. Geertjes et al. (2001) hypothesized that the divergence between the three species started before the Pleistocene and that T. melanurus and T. tripteronotus survived the Pleistocene glaciations in refugia within the Mediterranean. According to the same authors, T. tripteronotus and T. delaisi might have diverged sympatrically in the Mediterranean. Recently, Carreras-Carbonell et al. (2005) attempted to clarify the phylogenetic relationships and taxonomic status of Tripterygion using four mitochondrial markers and one nuclear gene, which unfortunately showed a single haplotype for the three species. According to the same authors the speciation process of Tripterygion may have resulted from a rapid radiation event after the Messinian Salitiny Crisis (5.2 Mya) leading to a trichotomy. The same authors showed that the two subspecies of T. delaisi have originated much more recently, probably during the climatic Quaternary Xuctuations (1.10-1.23 Mya). Interestingly, they found that of the Wve specimens of T. delaisi from the Atlantic they analyzed, one, from northwestern Spain, clearly clustered with the Mediterranean samples, while the remaining four (two from Azores and two from the Canaries) formed a very distinct cluster. Thus, Carreras-Carbonell et al. (2005) stated that further sampling of T. delaisi in the Atlantic is necessary to assess the direction of migration between the Atlantic and the Mediterranean in order to determine the subspeciation process.
In this study we present a population survey of Tripterygion delaisi including specimens from the two recognized subspecies. Our goals were to evaluate the extent of the genetic divergence between the northeastern Atlantic islands versus the European western coast and the Mediterranean populations, and to clarify the process of subspeciation of T. delaisi. We analyze polymorphic mitochondrial and nuclear genes to compare populations of T. delaisi from the Atlantic (Azores, Madeira, Canaries, and the continental coast of Portugal) and the Mediterranean. To shed some light on the process of evolution of T. delaisi subspecies, a phylogeographic approach was combined with estimates of the direction of migration (between the Atlantic and the Mediterranean) and of the coalescence time of the two subspecies.
Materials and methods

Sampling and DNA extraction
Samples of Tripterygion delaisi were obtained from three eastern Atlantic islands (Azores, Madeira, and the Canaries), from the Portuguese Atlantic coast (Arrábida) and from the Mediterranean (Vivara and Capri in Italy, Croatia and Cyprus). The other two species of the genus Tripterygion, T. tripteronotus and T. melanurus, were also included in the analysis and T. melanuros was used as outgroup, following the phylogenetic relationships recovered by Carreras-Carbonell et al. (2005) . Samples were collected by hand nets while scuba diving. Fin clips were cut immediately after collection of the individuals and stored at ambient temperature in 95% ethanol. Tissues were digested overnight at 55°C in 700 l of extraction buVer (400 mM NaCl, 10 mM Tris, 2mM EDTA, 1% SDS). We puriWed the DNA by standard chloroform extraction and isopropanol precipitation (Sambrook et al. 1989 ).
DNA ampliWcation and sequencing
AmpliWcation of the 5Ј hypervariable portion of the mitochondrial control region (also called D-loop) was accomplished with universal primers CR-A and CR-E (Lee et al. 1995) , and used a cycling proWle of 45 s at 94°C, 45 s at 52°C, 1 min at 72°C, for 35 cycles. Each 13 l reaction contained 5-50 ng of DNA, 10 mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 1.25 u of Taq DNA polymerase (Perkin-Elmer, Norwalk, CT), 150 mM of each dNTP, and 0.3 mM of each primer. In addition, we ampliWed and sequenced the second intron of the S7 ribosomal protein gene, using the primers S7RPEX2F and S7RPEX3R (Chow and Hazama 1998) , and an annealing temperature of 56°C. After puriWcation following the manufacturer's protocol (Applied Biosystems, Forter City, CA), direct sequencing was performed with an ABI 3100 automated sequencer (Applied Biosystems).
Data analysis
We used the computer program Clustal V implemented by Sequence Navigator (Applied Biosystems) to align the sequences. Number of haplotypes and haplotype diversity were calculated using the software package ARLEQUIN (vers. 2.000; Schneider et al. 2000) . For the nuclear marker, we could not ascribe the two alleles of heterozygous positions to one of the sequences of each individual. Sample size was not enough for a maximum likelihood estimation of the allelic constitution of each sequence. Thus, we adopted a reliable criterion, using one sequence per individual scoring the variable sites with alternative nomenclature.
Phylogenetic relationships were assessed using Maximum Parsimony and Neighbor-Joining. As we were dealing with very closely related species, with small genetic distances, we adopted the p distance following Nei and Kumar (2000) . Both methods were implemented by the software package PAUP (vers. 4.0; SwoVord 1998). Topological conWdence was evaluated for Maximum Parsimony and Neighbor-joining with 1,000 bootstrap replicates (Felsenstein 1985) .
Gene Xow (Fst) was estimated using ARLEQUIN (vers. 2.000; Schneider et al. 2000) . Corrections for simultaneous multiple comparisons were applied using sequential Bonferroni correction (Rice 1989 ). Population structure was evaluated by an analysis of molecular variance (AMOVA; ExcoYer et al. 1997 ) grouping the populations into two groups: eastern Atlantic islands versus Arrábida and Mediterranean. The AMOVA was implemented in ARLEQUIN (vers. 2.000; Schneider et al. 2000) .
Historical demography
Estimates of = 2N , where is the mutation rate for mitochondrial control region, were made for the two groups described above. The parameter was estimated under an unconstrained exponential growth parameter. We used FLUCTUATE (Kuhner et al. 1998) to estimate the maximum likelihood of the parameters and g (the exponential growth parameter in units
¡1
). Seeds for all analyses were generated randomly. Analyses were repeated 10 times per region to ensure stability of parameters estimates. Final analyses of each dataset employed ten short Monte Carlo chains of 200 steps each and Wve long chains of length 20,000, with a sample increment of 20. The time of coalescence was estimated by assuming that coalescence was reached when the population size was reduced to 1% of its present day value, following Wares and Cunningham (2001) . In order to estimate coalescence time, we used the mutation rate ( ) for mitochondrial control region as 8.24 £ 10 ¡8 ¡ 9.30 £ 10 ¡8 that was estimated using an internally calibrated molecular clock (Domingues et al. 2005) . Exchanges and range expansions (immigration) between the island and Arráb-ida plus Mediterranean were estimated using MIGRATE 2.0 (Beerli and Felsenstein 2001; Beerli 2004) . This software gives the value M (M = m/ ), which is the number of migrants scaled by the mutation rate. Again, analyses were repeated 10£, to ensure stability of parameter estimates. Final analyses of each dataset employed ten short Monte Carlo chains with 5,000-recorded genealogies and Wve long chains with 50,000 recorded genealogies, and a sample increment of 20. Table 1 . Both methods of phylogenetic inference resulted in a similar topology. Neighbor-joining phylogenies based on the mitochondrial control region and S7 intron sequences are presented in Figs. 2a and b. For both genes, T. delaisi were found to partition in two major sister clades, one including samples from the eastern Atlantic islands and the other including samples from mainland Portugal (Arrábida) and the Mediterranean. The two clades were deWned by 16 Wxed diVerences in the control region. For the nuclear marker S7, heterozygous individuals make the analysis of Wxed diVerences more complex during direct sequencing. We found that seven nucleotides are uniquely found on the Atlantic islands and two nucleotides are uniquely found on the mainland and the Mediterranean, resulting in the phylogenetic separation of those two regions into two diVerent clades as described above. These clades were well supported for the mitochondrial control region but showed lower bootstrap values for the S7 intron (less than 50% for maximum parsimony).
Results
DNA sequences and phylogenetic analysis
Population structure
Population structure was Wrst assessed by looking at gene Xow between the seven populations in our study ( Table 2) . As expected, gene Xow estimates were higher in the nuclear marker than in the mitochondrial marker (Table 2). As described above, no gene Xow was detected between the mainland/Mediterranean and the Atlantic Islands. Within these regions, markers showed a higher level of gene Xow within the island group (Fst ranging from 0.085 to 0.523 for Dloop and from 0.000 to 0.053 for S7), than within the mainland Portugal and Mediterranean populations (Fst ranging from 0.260 to 0.981 for Dloop and from 0.000 to 1.000 for S7). While these numbers were mostly driven by small sample sizes in the Mainland/Mediterranean group, results still held when only considering the two largest populations (Italy and Arrábida).
The analysis of molecular variance showed a high degree of diVerentiation between the two groups of populations (86.56% and 64.58% for Dloop and S7, respectively). Uncorrected p distances between these two groups were high (average = 0.068, SD = 0.009, min = 0.047, max = 0.083 for Dloop; and average = 0.024, 123 SD = 0.008, min = 0.004, max = 0.043 for S7) when compared to the distances within each group (average = 0.008, SD = 0.007, min = 0.000, max = 0.036 for Dloop and average = 0.004, SD = 0.004, min = 0.000 max = 0.018 for S7 for the eastern Atlantic islands and average = 0.006, SD = 0.005, min = 0.000, max = 0.017 for Dloop and average = 0.009, SD = 0.006, min = 0.027 max = 0.000 for S7, for Arrábida plus the Mediterranean).
Historical demography
Historical demography was assessed by determining historical population size and growth using the control region and S7 intron sequences, for the two groups of populations of Tripterygion delaisi: islands and Arráb-ida plus Mediterranean (Table 3 ). The islands group showed a much higher growth rate than the Arrábida plus Mediterranean group for the mitochondrial control region. However, for the S7 intron this relation was the opposite, although the diVerence between the growth values of the two populations was not as high (Table 3) .
Relative historical population size was determined, allowing us to estimate the coalescence time of the two groups of T. delaisi. Using the mutation rate ( ) for mitochondrial control region as 8.24 £ 10 ¡8 ¡ 9.30 £ 10 8 (Domingues et al. 2005) , the islands populations of T. delaisi was 1% of its present size approximately 5,000-6,000 ya (Table 3 ). The coalescence time for Arrábida plus Mediterranean populations was 175,000-210,000 ya. Historical migration between the Atlantic islands and Arrábida plus Mediterranean was restricted, with a trend of migration from the Mediterranean into the Atlantic islands [22.04 ( § 1.10)/ Islands immigrants vs. 0.09 ( § 0.27)/ Mediterranean immigrants; Fig. 1 ].
Discussion
The results of this study support the existence of two Tripterygion delaisi clades, one in the eastern Atlantic islands and another in the Atlantic coasts of Europe and in the Mediterranean. All phylogenetic reconstruc- In addition to the phylogenetic data, gene Xow between the eastern Atlantic islands and Arrábida plus Mediterranean was very low (average Fst = 0.94 and 0.70 for Dloop and S7 intron, respectively). This was also conWrmed by the AMOVA analyses showing that the total genetic variance was strongly explained by the existence of two groups of populations of T. delaisi (eastern Atlantic islands versus Arrábida and Mediterranean). Moreover, migration between these regions was remarkably restricted.
Several studies have shown restricted gene Xow between the Atlantic and the Mediterranean for diVerent marine organisms. Some studies described a strong genetic divergence between Atlantic and Mediterranean faunas, ascribed to the relative isolation of both seas during the Pleistocene glaciations and to present day barriers such as the hydrology in the strait of Gibraltar. Genetic discontinuities between the Atlantic and the Mediterranean were found for four sparids (Bargelloni et al. 2003 (Bargelloni et al. , 2005 , for the cuttleWsh Sepia oYcinalis (Pérez-Losada et al. 1999 and the mussel Mytilus galloprovincialis (Quesada et al. 1995) . Other species such as the ornate wrasse (Thalassoma pavo, Table 3 Demographic parameters of Tripterygion delaisi based on mtDNA control region and S7 intron Estimates of (compound parameter representing the eVective population size and mutation rate) and g (growth parameter) based on the mitochondrial control region and S7 intron for both groups of T. delaisi (islands and Atlantic plus Mediterranean populations). Coalescence time of T. delaisi populations based on mitochondrial control region data is shown in the column 4. Parameters were estimated using FLUCTUATE (Kuhner et al. 1998 Fig. 1 Tripterygion delaisi sampling locations. T. delaisi samples were collected in the northeastern Atlantic islands, Portuguese Atlantic coast, and in the Mediterranean. Labels are Azores (Azo), Madeira (Mad), Canaries (Can), Arrábida (Arr), Italy (Ita), Croatia (Cro), and Cyprus (Cyp). The extend of migration between the two clades of T. delaisi are indicated in the Wgure. Number of migrants scaled by the mutation rate were estimated using MI-GRATE 2.0 (Beerli 2004 ) Costagliola et al. 2004) , the chub mackerel (Scomber japonicus, Zardoya et al. 2004 ), the withe sea-bream (Diplodus sargus, Bargelloni et al. 2005 ) and the Norway lobster (Nephrops norvegicus, Stamatis et al. 2004) were described as having high gene Xow levels between the Atlantic and the Mediterranean and no signs of an Atlantic-Mediterranean divide. These contrasting patterns may stem from diVerent biological characteristics of the species. Larval ecology in particular, is well known to aVect the extent of gene Xow (eg. Riginos and Victor 2001) . Results for T. delaisi are contradictory. Fst values between Arrábida and Italy (the most western location of the Mediterranean in our study) are high for the mitochondrial control region but very low for the S7 intron (0.606 and 0.003, respectively, Table 2 ). All individuals from Arrábida are represented by a single mitochondrial control region haplotype, which is not present in any of the other populations. However, the uncorrected p distances between Arrábida and Italy are very small (0.005), indicating that the haplotype of Arrábida is similar to Italy's. T. tripteronotus and T. melanurus were also included and T. melanuros was used as outgroup., Neighbor-joining trees are shown with neighbor-joining (above the nodes) and maximum parsimony (below the nodes) bootstrap support above 50% indicated at the nodes. Labels are T. delaisi (TDE), T. tripteronotus (TTR), T. melanuros (TME), Azores (Azo), Madeira (Mad), Canaries (Can), Arrábida (Arr), Spain (Spa), Italy (Ita), Croatia (Cro), Greece (Gre), and Cyprus (Cyp). The length of each branch is proportional to the number of nucleotide substitutions. Scale bar: 0.5% Uncorrected P distance , 103, 105, 106, 107, 108, 109, 110, Mad2, 4, 5, 50 Azo101= Azo104, 111, 112, Can11 Can2= Can3, 5, 9, 14, 15 Can4= Can6, 7, 13 Arr1= Arr2, 3, 4, 5 , 6, 7, 8, 9, 10, 11, 12, 13, 14, 19, 20 Ita1= Ita3, 8, 9, 10, 11 Ita4= Cyp4
Ita5= Ita6, 7 TME Ita2= Ita9
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Atlantic coast, Mediterranean Zander (1986) described Atlantic and Mediterranean subspecies of T. delaisi. However, both phylogenetic and population analysis in this study showed that the individuals from the Atlantic coast of Portugal, like the one from norwestern Spain included in CarreralCarbonell et al. (2005) , are more closely related to the Mediterranean Wsh than to those from the Atlantic islands. This biogeographic pattern is also seen in other sister species such as the blennids Parablennius parvicornis/P. sanguinolentus (Almada et al. 2005a) , and the pomacentrids Chromis limbata/C. chromis (Domingues et al. 2005) . In these cases, one of the species is restricted to the Macaronesian islands and the Atlantic tropical coast of Africa, while the other is found in the Mediterranean and Atlantic coast of southwest Europe. In the blenniids, a family closely related to the tripterygids, Almada et al. (2005b) showed that at least two clades (Macrolipophrys and Parablennius) have species in Tropical Africa that have counterparts in the Mediterranean and adjacent Atlantic waters. The examples cited above and the distribution of the two T. delaisi clades point to the conclusion that, in many instances, the main split is not between coastal Atlantic and Mediterranean populations. Instead, many clades split in two groups: one comprising populations from western Africa, and often the Macaronesian islands, Mad5= Mad50, Can3, 7, 9, 11, 12, 13, 17 Can10= Can15 The times of coalescence of the eastern Atlantic islands population and the Mediterranean plus Arráb-ida population of T. delaisi were more recent than the onset of Pleistocene glaciations, which occurred, 1.7 Mya (Briggs 1996) (Table 3) . This result shows a more recent separation of the two T. delaisi clades than what was suggested by Carreras-Carbonell et al. (2005) . These authors estimated the evolutionary rate for 12SrDNA and 16SrDNA mitochondrial genes assuming that the speciation process of Tripterygion started when the Strait of Gibraltar reopened. Using this calibration they found that the two clades of T. delaisi were separated 1.23 § 0.45 and 1.10 § 0.49 Mya for 12S and 16S, respectively. Using the 12S genetic distances from Carreras-Carbonell et al. (2005) , and applying an internally calibrated molecular clock based on the closely related blenniid geminate transisthmian pair Ophioblennius atlanticus and O. steindachneri (sequences available at GenBank), we estimated the time of separation of the two T. delaisi clades at 0.64 § 0.23 Mya. This result is more in agreement with our coalescence time estimation, specially taking into account that the divergence time of two sister species has been shown to most likely be an overestimate of their actual coalescence time (Edwards and Beerli 2000) .
The biogeographical hypothesis proposed by Zander (1980) , considered the eastern Atlantic islands, especially the Azores, as speciation centers that exported colonizers to the Mediterranean and adjacent Atlantic coast. This hypothesis predicts an older coalescence time of the islands population in relation to the Mediterranean and adjacent Atlantic coasts. The present results, however, do not support this prediction as the islands population showed a more recent origin than the Arrábida plus Mediterranean populations for the mitochondrial control region sequences (Table 3) . Moreover, although migration between the islands and Arrábida plus Mediterranean was restricted, it showed a westbound trend, with a higher number of migrants going from the Arrábida plus Mediterranean into the islands [22.04 ( § 1.10)/ ] than the opposite [0.09 ( § 0.27)/ ; Fig. 1 ].
Our results, are consistent with the hypotheses of Wirtz (1978 Wirtz ( , 1980 and Almada et al. (2001) , that consider successive dispersal events from the western African coast which could follow two routes: (a) one that would successively colonize the Atlantic islands; (b) another directed northwards, along the continental coast of Africa, that would colonize the Mediterranean. The southern Mediterranean would act as a refugium during glacial periods and as a secondary speciation center for warm water species, which would colonize the Atlantic shores of the Iberian Peninsula (and in some cases the western European shores more to the north), and northwestern Africa, during interglacial periods like the present one (Almada et al. 2001) . Indeed, during some glacial maxima (e.g. 18,000 years ago) the polar front, with water temperatures of 4°C, moved as far south as 37°N (Dias et al. 1997) . These extremes of low temperature must have eliminated all tropical, subtropical, and warm temperate fauna along the shores of southwestern Europe and northwestern Africa. Thus, T. delaisi Arrábida population might have been the result of a post-glacial colonization from the Mediterranean. The low genetic diversity of this population shown for the mitochondrial control region supports this hypothesis.
This scenario is also in agreement with the speciation processes proposed by Jonge and Videler (1989) and Geertjes et al. (2001) for the other Mediterranean tripleWns. These authors consider diVerent processes of speciation, all occurring within the Mediterranean, which has acted as a refugium during the Pleistocene glaciations.
Our hypothesis is reinforced by the lack of records of Tripterygion in the African Atlantic coast from Casablanca south to Senegal (Brownell 1978) . Recent studies of coastal Wshes in the Sahara coast have not recorded specimens of this tripleWn blennioid (Falcón et al. 2002) . It is likely that the situation is similar to that of the sister species Parablenius parvicornis and P. sanguinolentus. P. parvicornis occurs in tropical Africa and the Macaronesian islands while P. sanguinolentus are restricted to the Mediterranean and adjacent north Atlantic waters (Almada et al. 2005a) . This species pair is also absent from the western African coast north of Cape Blanco (Mauritania). It seems that the African upwelling has played an important role as a biogeographical barrier for littoral species, promoting the divergence of the tropical populations and those of the Mediterranean and adjacent Atlantic.
The presence of T. delaisi in the Macaronesian islands could be related to the larval transport from the African coast by water Wlaments that reach the Canaries (Barton et al. 1998; Rodríguez et al. 1999) , or to the maintenance of the populations in the warmer zones of the islands (Madeira or the westernmost Canary Islands) during the last glacial period, as it seems to have occurred in other cases (Miller 1984) . The complex eddies system of the Canary Current may have allowed a northwards dispersal to the Azores (Stramma 1984; Santos et al. 1995) .
In this study, we show the existence of two highly divergent clades of Tripterygion delaisi, that correspond to the two clades identiWed by Carrera-Carbonell et al. (2005) . Are these two clades equivalent to the two subspecies Tripterygion delaisi xanthosoma and T. d. delaisi deWned by Zander and Heymer (1970) ? With molecular data only, this question cannot be adequately answered. Detailed morphological, behavioral, biogeographical and genetic work encompassing the entire distribution area of what is now called T. delaisi is urgently needed to address this issue. The study of specimens from Senegal is particularly important in this respect.
